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Abstract
Ríos Zuñag, Pastaza, and Topo flow through one of the rainiest and water-rich places in Ecuador.
Río Zuñag is a relatively small, pristine montane river and Río Pastaza is a relatively large,
contaminated river that receives the untreated wastewater of many communities. Río Topo’s
unique watershed and gradient allow it to be home to many plants that have adapted to its unique
environment, including the hyperendemic liverwort Myriocolea irrorata. However, in recent
years, all of the water of Río Topo has been sold by the state of Ecuador to be developed for
hydroelectric projects (HEP). The first of these projects is currently under construction near the
small community of Azuay. HEPs have major environmental and social impacts in the regions
they are built. The objectives of this study were to assess the water quality of Ríos Topo, Zuñag,
and Pastaza, with a focus on Río Topo due to the current HEP construction. Social and economic
impacts of the HEP were also included briefly. All three rivers were compared using benthic
macroinvertebrate metrics, as well as physiochemical characteristics. Additionally, the samples
taken upstream and downstream of the construction on Río Topo were compared. Overall, the
macroinvertebrate metrics supported the expectation that Río Zuñag would have the highest
macroinvertebrate family richness, family diversity, and overall water quality, followed closely
by Río Topo, and less closely by Río Pastaza. According to the macroinvertebrate metrics, the
water quality upstream and downstream of the HEP on Río Topo was not significantly different.
The physiochemical data supported these findings. This was expected because the HEP is not
currently operational, but it will be critical to do further water quality studies in the future when
it is. The HEP had some social and economic impact on the community of El Topo, including a
six-year law suit and resistance movement, biased economic benefits, and general exploitation of
El Topo’s natural resources.
Resumen
Ríos Zuñag, Pastaza, y Topo corren a través de uno de los más lluviosos lugares en Ecuador. Río
Zuñag es un río pequeño, prístino, y montañoso y Río Pastaza es un río grande y contaminado
que recibe las aguas no tratados de muchas comunidades. La cuenca única y la pendiente del Río
Topo hacen un hogar para muchas plantas que han adaptado a su medio ambiente único,
incluyendo la hepática hiperendémica Myriocolea irrorata. Sin embargo, en años recientes, toda
el agua de Río Topo ha sido vendida por el estado del Ecuador para desarrollo hidroeléctrico.
Actualmente, el primer de estos proyectos se está construyendo cerca del pueblito Azuay.
Proyectos hidroeléctricos tienen impactos ambientales y sociales en las regiones donde están.
Los objetivos de este estudio eran evaluar la calidad del agua de los Ríos Topo, Zuñag, y
Pastaza, con un enfocado en Río Topo debido al proyecto hidroeléctrico. Impactos sociales y
económicos del proyecto fueron incluyendo brevemente. Los tres ríos fueron comparados usando
métricos de macroinvertebrados, y también característicos fisicoquímicos. Además, las muestras
de río arriba y abajo del proyecto del Topo fueron comparadas. Generalmente, los métricos de
los macroinvertebrados apoyan las expectativas que Río Zuñag tendría la riqueza de familias,
diversidad de familias, y la calidad del agua más altas, seguido por Río Topo, y Río Pastaza.
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Siguiendo a los métricos de los macroinvertebrados, la calidad del agua de las muestras de río
arriba y río abajo del proyecto no fue diferente significantemente. Los datos fisicoquímicos
apoyan estas conclusiones. Estas conclusiones se esperaban porque el proyecto hidroeléctrico
todavía no está en funcionamiento. Será crítica para hacer más estudios de la calidad del agua en
el futuro cuando el proyecto está en funcionamiento. El proyecto tenía impactos sociales y
económicos en la comunidad El topo, incluyendo un juicio y resistencias de seis años, beneficios
económicos parciales, y explotación general de los recursos naturales de El Topo.
ISP Topic codes: 614, 615, 627
Key words: water quality, rivers, macroinvertebrates, bioindication, hydroelectric, dam
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Introduction
Site Overview: El Topo, Tungurahua, Ecuador
El Topo is a small rural community of about one hundred people in the province of Tungurahua,
Ecuador. It is located in the Eastern cordillera of the Andes at an elevation of 1,200 m about 30
kilometers east of the city of Baños in the transition zone between the Andean and Amazonian
regions (Figure 1). The region of El Topo is classified as Af climate, or tropical wet climate,
according to the Köppen-Geiger climate classification system (Climate: Topo; Pidwirny, 2011).
El Topo is located in one of the rainiest parts of Ecuador; it receives about 3,358 mm of rainfall
per year with an average temperature of 19.5C. This study was completed during the month of
November, in which there is about 220 mm of rainfall (Climate: Topo).

Figure 1. Left: Physical map of Ecuador. The region in which El Topo is located is marked with a red star. Source:
www.freeworldmaps.net Right: El Topo is surrounded by Ríos Topo, Zuñag, and Pastaza. Source: Google Earth
(Google Inc., 2015)

El Topo is surrounded by three rivers, Río Topo to the west, Río Zuñag to the east, and Río
Pastaza to the south (Figure 1). Río Topo and Río Zuñag are both non-glacial montane cold
water rivers (Mera, 1989). Historically, Río Topo is a very clean and pristine river. It has some
human activity, including fishing, swimming, and kayaking, however these are moderate and
low-impact (Tustón-Torres, personal communication, 2015). However, it receives the majority of
the untreated wastewater from El Topo at its junction with Río Pastaza (Tustón-Lopez, personal
communication, 2015). Additionally, there is currently one hydroelectric project (from this point
forward, HEP) under construction on the river near the small community of Azuay. Río Topo’s
granite and limestone watershed combined with its relatively low gradient result in dramatic
water volume changes in short periods of time. The banks of Río Topo are home to many plants
that have adapted to its unique location and conditions, including Myriocolea irrorata, a rare
liverwort hyperendemic to this region. This incredibly rare species is in danger of extinction due
to the current construction of the HEP, which greatly alters the flow of water and the “frequent
spray” provided by the fast-flowing river (Platt, 2011).
Río Zuñag is a relatively pristine river on a granite watershed, part of which resides in
EcoMinga’s Rio Zunac Reserve (spellings of Zuñag vary) (EcoMinga, 2015). Human activity on
Zuñag is limited to some fishing and swimming, but only closest to the community of El Topo.
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According to the president of El Topo, Sixto Tustón-Lopez (2015), there is a small amount of
wastewater from a handful of houses of El Topo that is discharged into Río Zuñag at its junction
with Río Pastaza. Headwaters of the Río Pastaza originate from the province of Cotopaxi, from
which the Patate River flows and joins with the Chambo River to form the Río Pastaza (Baños,
2000). The Río Pastaza, in contrast to Ríos Topo Zuñag, has a high level of human activity,
receives wastewater from several communities, and has multiple hydroelectric projects currently
operating on it (Tustón-Lopez, personal communication, 2015).
Environmental and Social Impacts of Hydroelectric Dams
Hydroelectric dams tend to be controversial projects due to their many benefits, but also
potentially devastating impacts. Dams provide potential for regional development, a source of
energy alternative to fossil fuels, control river flows, and create jobs. However, a large amount of
projects, if not all, have led to significant environmental and social impacts (Aledo, GarcíaAndreu, & Pinese, 2015).
Hydroelectric dams are ubiquitous in the world’s rivers, but lesser so in the Neotropics and thus
this region of the world is the focus for hundreds of new hydroelectric projects (Finer & Jenkins,
2012). Hydroelectric dams take advantage of dramatic drops in elevation in rivers to harvest
energy from fast-flowing water. The water flows through an intake, usually from a reservoir, to
turbines. The flowing water rotates the turbines, which in turn rotate a metal shaft in an electric
generator to produce electricity. The electricity is then transmitted through power lines. The
water continues out the other side of the dam and rejoins the river (US Geological Survey, 2015).
Hydropower is an appealing source of energy because it can be domestically produced and is an
alternative to fossil fuels. However, hydroelectric dams greatly alter the environment in which
they are constructed and can have significant social and environmental impacts (Finer & Jenkins,
2012).
Hydroelectric dams alter the physiochemical characteristics of rivers. They reduce river
connectivity, cause loss of habitat, affect water temperature and dissolved oxygen, and interrupt
the natural flow of water, sediment, nutrients, and aquatic fauna. Affected streams can exhibit
decreased macrophyte biomass and macroinvertebrate abundance, richness, and biomass.
Furthermore, the presence of certain macroinvertebrate functional groups, for example those that
can take advantage of plankton from the reservoir and prefer low sediment deposition, will
exhibit a higher representation than other functional groups downstream of the dam.
Assemblages of invertebrates and fish are also affected by the physiochemical changes, favoring
more tolerant species. There is a lack of research on the effects of hydroelectric dams in the
Neotropics, and furthermore on the effects of such dams on macroinvertebrate assemblages. The
existing research shows that continental rivers in the Neotropics exhibit a reduction in taxa
richness and a change in species assemblages in rivers that have large reservoirs (Chaves-Ulloa,
Umaña-Villalobos, & Springer, 2014). Therefore, it is important to continue research of the
impacts of hydroelectric dams on macroinvertebrate assemblages. Information on
macroinvertebrate responses can be expanded to larger ecosystem impacts and inform
hydroelectric dam design decisions.
In addition to environmental impact, hydroelectric dams can also have significant long-lasting
social and economic impacts on the people that live upstream or downstream of the dam. Often,
impacted populations demonstrate resistance through protests, sit-ins, law suits, and other actions
(Tustón-Torres, personal communication, 2015). Additionally, there is generally a biased
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distribution of costs and benefits—the companies and governing bodies enjoy most of the profits
but the nearby communities endure the lasting social and environmental impacts (Aledo, GarcíaAndreu, & Pinese, 2015). For very large projects, populations may be forced to relocate and
resettle, disrupting settlement patterns and increasing living costs. Populations may experience
“encroachment,” which involves increased transit infrastructure, such as roads and airfields
(Rosenberg, Bodaly, & Usher, 1995).
Hydroelectric Projects on Río Topo

Figure 2. Left: Diversion tunnel. Right: Catchment barrier. Photos taken by Jesse Vega-Perkins.

As mentioned above, in recent years, Río Topo has been targeted as a new site for several HEPs,
the first of which is currently under construction (Figure 2). The two major companies involved
in the project are Entrix, an environmental consulting company based in Houston, Texas
(Riverside, 2010), and PEMAF (Proyecto Energía Medio Ambiente), an Ecuadorian electrical
energy generation installation company (PEMAF, 2015). Entrix was acquired by Cardno in
2010, an Australian-based infrastructure and environmental services company (Cardno Entrix,
2015). Additionally, CoAndes (Constructora de Los Andes) is the local Ecuadorian civil
engineering contracting company (CoAndes, 2015; Turón-Torres, personal communication,
2015).
According to the environmental impact study (“Estudio del Impacto Ambiental”) conducted by
Entrix and PEMAF in 2008 (Entrix & PEMAF, 2008), the project site was specifically chosen to
capitalize on a sharp U-shaped curve in Río Topo (Figure 1). The design involves a water
catchment structure perpendicular to the flow of the river that captures a flow of 15.52 meters
cubed per second (the majority of the flow of the river) and diverts the water through canals and
tunnels to steel turbines that then generate electricity. The water is then returned to the river, but
about one kilometer of river is left almost dry (Tustón-Torres, personal communication, 2015;
Platt, 2011). The energy generated by the station will connect with the National Interconnected
System (“Sistema Nacional Interconectado”). According to the report, the project will have an
annual average of 185 Gw-h/year of net electricity generation.
The aforementioned impact study also discusses the history of permissions and licensing for this
project. In 2004, permission for construction, installation, and operation of the project, as well as
approval of the final environmental impact study was given by Ecuador’s CONELEC (El
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Consejo Nacional de Electricidad, National Council of Electricity). After approval of the study,
the Unit of Environmental Management issued the environmental license for the Topo
Hydroelectric Project for 22.8 MW of installed power. Following these grants of permission,
from July 2004 to December 2006, PEMAF conducted an analysis of the original proposed
project for project optimization purposes. During this analysis, PEMAF decided to relocate the
site 600 meters upstream of the initially proposed site, achieving an increased installed power of
29 MW while using the same initial design flow (20 m3/s). Due to this change, CONELEC
required PEMAF to conduct another environmental impact study for this new site (Entrix &
PEMAF, 2008). According to Maritza Tustón Torres (2015), the leader of the opposition
movement against the project, this was also due to the six-year law suit the opposition filed
against the company due to a lack of license to the waters of Río Topo. This caused a retraction
of the project license. Throughout the law suit, the company worked to complete all of the
requirements, including the 2008 environmental impact study. Eventually, with governmental
support, Entrix and PEMAF were able to re-gain permission for construction and also receive the
license to the waters of Río Topo (Tustón-Torres, personal communication, 2015). In 2008, the
Ecuadorian Consultative Water licensed 15.52 cubic meters per second to the project, less than
the proposed 20 cubic meters per second. This license resulted in a redesign of the project and
reduction of the installed power to 24.6 MW, but maintained the location of the structures and
facilities of the 29 MW project (Entrix & PEMAF, 2008).
Benthic Macroinvertebrates as Bioindicators of Water Quality
Benthic macroinvertebrates are small organisms that inhabit the rocks, logs, sediments, and
aquatic plants of freshwater streams, rivers, and lakes. They are so-called because they can be
observed with the naked eye (macro) and do not have backbones (invertebrate) (West Virginia
Department of Environmental Protection [WVDEP], 2015). Generally, the most abundant
benthic macroinvertebrates are insect larvae (Bartenhagen, Turner, & Osmond) but there are also
some non-insect macroinvertebrates. Refer to Appendix A, Table A1 for a list of common insect
and non-insect macroinvertebrates.
Using benthic macroinvertebrates to monitor water quality is a popular method for many reasons.
First of all, macroinvertebrates are bioindicators, and thus provide a more complex and longterm indication of environmental conditions, as opposed to chemical data that is highly
dependent on the time of testing (WVDEP, 2015). Additionally, these organisms are good
indicators to use when studying site-specific water quality because they migrate very little.
Furthermore, short-term environmental changes can be observed because they have relatively
short, but complex life cycles (Barbour, Gerritsen, Snyder, & Stribling, 1999). In fact, many
insect macroinvertebrates spend most of their life cycle in the water, only exiting the water in the
adult stage for short period of time, ranging from a few hours to several days (WVDEP, 2015).
Macroinvertebrates can be identified to the family level without much expertise and sampling is
easy, affordable, requires few people, and has little impact on the local environment. Finally,
benthic macroinvertebrates are an incredibly diverse group of animals, covering a range of
trophic levels and pollution tolerance, allowing for widespread analyses of several environmental
stressors (Barbour et al., 1999).
Physical and Chemical Characteristics as Indicators of Water Quality
According to the EPA Volunteer Stream Monitoring methods manual (US Environmental
Protection Agency [US EPA], 1997), physical characteristics such as temperature, turbidity, and
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flow, along with chemical characteristics such as pH and dissolved oxygen are also indicators of
water quality.
Temperature dictates rates of biological and chemical processes, such as photosynthesis,
metabolism, and sensitivity to stressors. Furthermore, aquatic organisms depend on certain
temperature ranges to survive. For example, macroinvertebrates are sensitive to temperature and
will move within a stream to find ideal temperatures. If they are in temperatures outside this
ideal range for extended periods of time, they can die. Additionally, temperature also affects the
oxygen levels of water—as temperature increases, oxygen levels decrease. Dissolved oxygen
levels are very important to aquatic life.
Turbidity is another important physical characteristic. Turbidity is basically a measure of water
clarity and is directly related to the amount of suspended solids (soil particles, algae, plankton,
and microbes) in the water that could diminish passage of light. Increased turbidity will cause an
increase in temperature as the suspended particles absorb more heat and in turn affect dissolved
oxygen levels, as mentioned above. Increasing turbidity also results in decreased light
penetration, which in turn reduces photosynthesis and dissolved oxygen production. Settling
particles can smother fish and macroinvertebrates. Soil erosion, waste discharge, urban runoff,
and algal blooms can all be causes of increased turbidity.
Stream flow is the volume of water that moves over a point in a certain period of time. The flow
of a stream or river is indicative of the amount of water flowing from the watershed and is
greatly affected by precipitation levels. Stream velocity, which is related to stream flow, affects
the types of organisms that can thrive in the stream, as well as the amount of suspended solids
carried by the stream. Additionally, dissolved oxygen levels tend to be higher with increased
flow due to better aeration of the river.
pH is a chemical characteristic that plays a role in chemical and biological processes and thus
greatly affects living organisms. The majority of aquatic animals thrives within the pH range of
6.5 to 8 and will become physiologically stressed outside of this range. Causes of changes in pH
include atmospheric deposition, erosion of rock, and wastewater discharge.
Objectives and Expected Outcomes
This study has three main objectives. The first objective is to compare the water quality of Río
Topo, Río Zuñag, and, to a lesser extent, Río Pastaza using analyses of macroinvertebrate
assemblages and physical and chemical characteristics. The second objective is to evaluate if, so
far, the hydroelectric project construction has had any impact on water quality of Río Topo
upstream and downstream of the project. The final objective is to include information on the
social and economic impacts of the hydroelectric project on the community of El Topo.
In terms of macroinvertebrates, reduced water quality due to increased disturbance would be
expressed as a decrease in several metrics: 1) taxa diversity and richness, 2) the number and
percent composition of intolerant taxa, 3) sensitivity indices, 4) percent shredders and scrapers
and many more. Additionally, it would be expressed as an increase in percent dominant taxon
(Barbour et al., 1999). In regards to the comparison of Ríos Topo, Zuñag and Pastaza, it is
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expected that Río Zuñag will exhibit the highest water quality, family richness, and family
diversity, Río Pastaza will exhibit the lowest, and Río Topo will be in between the two, but
tending more toward those of Río Zuñag. It is expected that the Topo hydroelectric project has
not yet had a significant impact on the water quality of Río Topo. This is largely because the
project is not yet operational and thus the river flow has not been greatly altered yet. However,
there is potential for impact from the construction, which could result in reduced water quality.
In terms of physical and chemical characteristics, reduced water quality would be expressed as
higher temperatures, pH outside of the general livable range, lower flow rate, and higher
turbidity (US EPA, 1997). Finally, it is expected that the Topo hydroelectric project has had a
significant social and economic impact on the community of El Topo.
Materials and Methods
Collection and Identification of Macroinvertebrates
The methodology used to collect benthic macroinvertebrates was adapted from the US EPA
Rapid Bioassessment Protocol (RBP), Chapter 7 Part A “Benthic Macroinvertebrate Protocols,
Multihabitat Approach” (Barbour et al., 1999). This approach considers the fact that streams can
vary greatly in habitat, so major habitats present in a reach should be sampled proportional to
their representation within that reach. The two main habitats sampled in this study were cobble
and snag. Cobble habitats consist of hard substrate (rocks) in riffle and run areas and are usually
the dominant habitat type in high-gradient streams. Snags are woody debris and other detritus
that have been submerged for a relatively long period of time to allow for colonization. The
“Benthic Macroinvertebrate Field Data Sheet” and “Habitat Assessment Field Data Sheet” from
Appendix A of the RBP were adapted to record various river and habitat characteristics
(Appendices B & C).
Reaches of 10-100 m were chosen depending on river accessibility, terrain, and habitat
availability. 3-7 kicks were done at various habitats within the reach. Cobble habitats were
sampled by holding a 22-cm diameter sieve downstream of the sampling area. Organisms were
dislodged by a combination of kicking, dislodging, and scrubbing of the substrate. Large rocks in
the cobble were examined for organisms. After 1-2 minutes of disturbing the sampling area, the
sieve was examined for organisms. Similarly, with snag habitats, the sieve was held downstream
and detritus was dislodged through kicking. Large detritus and debris were first examined for
organisms, and then discarded. All organisms were removed and preserved in 72% ethanol. All
kicks within the reach were combined into one homogenous sample. Sampling containers were
labeled with the sample number, date, river name, and location. Due to the range in habitat types
and stream characteristics, a similar sampling effort was attempted to be maintained throughout
all sites by sampling for the same amount of time (about 1.5 hours).
Samples were brought back to the lab to be classified, counted, and sorted. Two field guides,
Guía para el estudio de los macroinvertebrados acuáticos Del Departamento de Antioquia
(Roldán Perez, 1996) and An Introduction to the Aquatic Insects of North America (Courtney,
Teskey, Merritt, & Foote, 1995), along with an identification guide created by Stroud Research
Center (Gill, 2015) were used to identify all organisms to the family level. A portable
macroscope with 45 times magnification, 8x30 ocular, made by RF Inter-Science Company was
used to observe the distinctive morphological characteristics of the macroinvertebrates. The
number of organisms per taxa, taxonomic certainty, and date were recorded for each site, as
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adapted from the “Benthic Macroinvertebrate Laboratory Bench Sheet” from Appendix A of the
RBP. Subsampling methodology was not used in this study.
Macroinvertebrate Data Analysis
Several metrics were used to evaluate the macroinvertebrate assemblages and their indication of
water quality. These metrics fall into four general categories: taxa richness and composition,
tolerance and intolerance, feeding ecology, and population attributes (US EPA, 1997). A study
done in coastal Ecuador evaluated the performance of several metrics. Richness and BMWP/Col
were deemed the top two metrics for bioindication, and thus were included in the metric set
(Martínez-Sanz, Puente-García, Rebolledo, & Jiménez-Prado, 2014). All other metrics were
chosen based on the recommendation of the US EPA (US EPA, 1997) and Barbour et al (1992).
Under the category of taxa richness and composition, two metrics were used: taxa richness and
number of Ephemeroptera, Plecoptera, and Trichoptera (EPT) taxa. In this study, taxa richness
was specifically family richness, or the total number of distinct families, which demonstrates the
variety of the sample. Number of EPT taxa is the number of taxa within the orders of
Ephemeroptera, Plecoptera, and Trichoptera, which are generally pollution sensitive orders (US
EPA, 1997; Barbour, Plafkin, Bradley, Graves, & Wisseman, 1992).
Under the category of tolerance and intolerance, four metrics were used. The first is the
BMWP/Col (Biological Monitoring Working Party for Colombia) index adapted by Roldán
(2003) from the original BMWP index (Armitage, Moss, Wright, & Furse, 1983). The BMWP
index assigns a value between 1 and 10 to each taxon (family-level) based on pollution tolerance,
1 being the most tolerant, and 10 being the most sensitive. The scores for each present taxon are
then summed to achieve a final score that is used to classify the water quality using a
classification table (Appendix D, Table D1). The BMWP/Col models the original BMWP, but
incorporates the research of aquatic macroinvertebrates in Colombia specifically. The second
metric is BMWP/Col average score per taxon (ASPT), giving an indicator of the general
sensitivity of the taxa in a sample (Armitage et al., 1983). The third metric used was the Family
Biotic Index (FBI) developed by Hilsenhoff (1988), a development of the Hilsenhoff Biotic
Index (HBI) that combines tolerance values for taxa at the family level with their relative
abundances to give a final water quality score. The water quality was then determined using an
evaluation table (Appendix D, Table D2). Finally, percent EPT is the percent composition of
EPT organisms in the whole sample (Barbour et al., 1999). Though percent EPT is technically a
composition metric, it is included in the tolerance/intolerance category in this study due to its
specific pertinence to sensitivity indication (Appendix D, Table D3).
Under the category of feeding ecology, two metrics were used in relation to functional feeding
groups (FFG). Macroinvertebrates can be generally classified by their FFGs, which combine the
morphology and behavior macroinvertebrates employ when consuming resources. FFGs
demonstrate the way in which these organisms consume resources and thus their potential
impacts on their ecosystem (Ramírez & Gutiérrez-Fonseca, 2014). With this in mind, the first
metric used was percent scrapers of total scrapers and filterers. This metric reflects the balance of
the riffle/run food base. Scrapers use their mouth parts to remove attached periphyton from rocks
and other surfaces and thus would occupy riffle habitats, whereas filterers use morphological
adaptations to retrieve particles directly from the water and thus would occupy run habitats. The
second metric was percent shredders of total individuals. This metric is useful because shredders
are sensitive to riparian zone impacts (Barbour, Plafkin, Bradley, Graves, & Wisseman, 1992).
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Because some families had more than one FFG classification, a minimum and maximum value
were calculated for each metric, and then averaged. The minimum value considered only the
families with the target FFG listed as their first FFG. The maximum value considered all families
that were classified within the target FFG, regardless of the ranking.
Finally, under the category of population attributes, the metric percent dominant taxon was used.
Percent dominant taxon is the percent composition of the most abundant taxon in the sample.
Major abundance by a single taxon can indicate impairment (Barbour et al., 1992).
In addition to these metrics, the exponential of Shannon entropy was used to evaluate sample
diversity. This index was first introduced by MacArthur (1972) to transform the well-established
Shannon entropy index (H) (Shannon, 1948) to the more interpretable units of species richness.
The exponential Shannon index is expressed as 𝐷𝑒𝑥𝑝𝑆ℎ = 𝑒 𝐻 .
Community similarity was analyzed using the Pinkham-Pearson similarity index, which gives a
number between 0 (completely dissimilar) and 1 (completely similar) to indicate how similar two
communities are (Pinkham & Pearson, 1976).
Finally, completeness of the collected samples was evaluated using sample coverage, the
proportion of the total number of individuals in a community that belong to the taxa represented
in the sample, and sample deficit, the proportion of the community belonging to unsampled taxa,
as cited in Chao & Jost (2012).
Statistical analyses were performed to compare metrics and characteristics between Rivers Topo
and Zuñag, as well as to compare the samples of Río Topo above and below the HEP. River
Pastaza was not included in statistical analyses because only one sample was taken. All variables
were tested for normality using skewness. Variables with a skewness value of greater than 0.5
were transformed. A natural logarithmic transformation was used to adjust positively skewed
data and a power transformation was used to adjust negatively skewed data. An independent 2sample t-test was performed on all normally distributed data. The Mann-Whitney U
nonparametric test was performed on raw data for variables that still did not show normal
distribution after transformation. A p-value of less than 0.05 was used to identify statistical
significance. All means are reported with the standard deviation. All analyses were executed
using the statistical analysis computer program GNU PSPP (GNU Operating System, 2015).
Chemical and Physical Characterization
In addition to macroinvertebrate collection, chemical and physical characteristics of the site were
recorded and calculated. These included pH, water temperature, water depth, surface velocity,
average flow rate, and turbidity. The “Physical Characterization/Water Quality Field Data Sheet”
from Appendix A of the RBP was used to record weather conditions, stream characteristics,
watershed features, dominant riparian vegetation, instream features, large woody debris, aquatic
vegetation, water quality, sediment and substrate characteristics, and inorganic and organic
substrate components.
The pH of the water was measured using Lab Rat Supplies Universal Indicator pH Test Strips.
At each sample site, a pH strip was dipped into the water and the color of the strip was
immediately matched to the color chart provided. The corresponding pH was recorded.
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Water temperature was measured with a standard floating thermometer. The thermometer was
held in the water for approximately 1 minute to allow it to appropriately adjust before the
temperature was read.
Depth of the river was measured in centimeters using a stick and measuring tape, permitting it
was safe to do so. If it was not possible to measure, an estimate was made. Due to infeasibility of
making transects across the rivers, only the depth from the bank was taken.
Surface velocity of the river was measured by releasing a floater (generally a branch or leaf) into
the river and measuring the time in seconds it took for the floater to travel from Point A to Point
B. This was repeated 3 times to achieve an average time. The distance between Point A and
Point B was measured. Average velocity was then calculated using the following equation (Food
𝐿
and Agriculture Organization of the United Nations [FAO]): 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦𝑎𝑣𝑔 = 0.8 ∗ 𝑇, where L is
the distance between Point A and Point B and T is the average time in seconds.
Average flow rate was calculated using the following equation (U.S. Environmental Protection
𝐴𝐿𝐶
Agency, 2012a): 𝑓𝑙𝑜𝑤 = 𝑇 , where A is the cross-sectional area of the stream, L is the distance
between Point A and Point B, C is the correction factor (0.8 for rocky-bottom streams), and T is
the time in seconds for the float to travel distance L. Cross-sectional area of the stream was
calculated using the depth measurement and a width measurement taken using the Google Earth
measurement tool (Google Inc., 2015).
Turbidity was measured using a transparency tube (US EPA, 2012b). The transparency tube was
constructed according to a guide written by master’s students of Michigan Technological
University (Myre & Shaw, 2006), using a 1.2 m fluorescent light sleeve. Water was collected
from each site in a 2-liter plastic bottle that was held at mid-depth as far from the bank as
possible. The bottle was brought back to the lab to be measured. The turbidity was not measured
in the field due to the delicate nature of the device. As described by the US EPA (2012b), the
water was carefully poured into the transparency tube while looking down the tube at the pattern
at the bottom. The depth of the water column was noted when the pattern just disappeared. In the
majority of cases, the water had so low turbidity that the pattern was still visible when the tube
was full. In this case, maximum water column height was recorded (120 cm). Turbidity was
calculated using the following equation provided by Myre & Shaw (2006):
𝐷𝑒𝑝𝑡ℎ 𝑖𝑛 𝑐𝑒𝑛𝑡𝑖𝑚𝑒𝑡𝑒𝑟𝑠 = 244.13 ∗ (𝑇𝑢𝑟𝑏𝑖𝑑𝑖𝑡𝑦 𝑖𝑛 𝑁𝑇𝑈)−0.662, where NTU is nephelometric
turbidity units. 1 liter of water containing 1 milligram of finely divided silica has the turbidity of
1 NTU (Nephelometric Turbidity Units, 2000).
Results
Analysis of Macroinvertebrate Sampling
Overview of Sampling Sites
There were a total of 12 sample sites at the 3 different rivers. 7 samples were taken from Río
Topo, 4 from Río Zuñag, and 1 from Río Pastaza. See Appendices E & F for a list and maps of
all sites and specific geographic locations.
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The “Habitat Assessment Field Data” sheet (Barbour et al., 1999) was used to score the habitats
of each sample site. 10 habitat characteristics were evaluated and scored on a scale of 1-20 to
calculate an overall habitat score out of 200 (Appendix C). Generally, all three rivers scored high
for adequate habitat characteristics (M = 162.4, SD = 16.4). Comparatively, Topo (M = 163.6,
SD = 14.0) and Zuñag (M = 167.8, SD = 14.7) had better habitats than Pastaza (133).
The “Physical Characterization/Water Quality Field Data Sheet” (Barbour et al., 1999) was used
to characterize other aspects of the surroundings of each sample site. The predominant
surrounding landscape for most sites was dense forest. For the sites nearby Bridges Topo and
Zuñag, the prodominant surrounding landscape was a combination of riparian vegetation and
concrete infrastructure (roads/bridges). These areas were observed to have more obvious nonpoint sources of pollution from the nearby highway and town. Additionally, higher levels of local
watershed erosion were observed for these areas due to the removal of dense vegetation. This
was also the case at the site just upstream of the HEP (Figure 3). For the more removed sites,
some potential non-point sources of pollution included personal agriculture and husbandry
operations and the observed erosion was much lower. Generally, the water and substrate had
normal odor, with the exception of Pastaza, which had a noticable sewage odor. There was no
visible oil except for the Topo site 4.2 km after the HEP, very close to construction (Figure 3).

Figure 3. Left: Río Pastaza. Note visible high turbidity, lack of riffle morphology. Middle: Sample site 4.2 km

downstream of HEP, banks of Río Topo. Note visible oil sheen. Right: Visible habitat disruption, loss of bank
stability, and erosion near the catchment barrier. Photos taken by Jesse Vega-Perkins.

In terms of non-organic substrate, boulder dominated the river banks, with the rest composed of
mostly cobble and gravel. Some sites had sand deposits. For organic substrate, detris dominated
with some muck-mud. Generally, cobble was the dominant macroinvertebrate habitat type, with
some sites having more snag and sand habitat (Figure 4).
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C. Macroinvertebrate habitat types
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Figure 4. Topo and Zuñag sites are referenced according to their distance from the hydroelectric project/Zuñag
bridge. All distances are in kilometers; negative distances are upstream and positive distances are downstream. A)
Non-organic substrate composition B) Organic substrate composition C) Macroinvertebrate habitat types
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Comparison of Ríos Topo, Zuñag, and
Pastaza
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# of families present

30

A total of 2,697 individuals were collected
from the 12 sample sites: 1,303 from Río
Topo, 835 from Río Zuñag, and 559 from
Río Pastaza. Across all samples, 10 orders
and 27 families of macroinvertebrates were
identified (Appendix G).
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Pastaza
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Family richness # EPT taxa Exponential of Shannon entropy
The respective samples of Rivers Pastaza,
Topo, and Zuñag were pooled and
Figure 5. Family richness, number of EPT taxa, and
compared using the metrics described in the
exponential of Shannon entropy for Rivers Topo, Zuñag,
methods section. When considering the
and Pastaza.
pooled samples, all rivers had sample
coverages of over 99%. In regards to family richness, number of EPT taxa, and exponential of
Shannon entropy, Zuñag had the highest values for all three (Figure 5). Zuñag (M = 16, SD =
3.08) had a significantly higher family richness than Topo (M = 11, SD = 2.39), t(9) = 2.71,
95CI [0.83, 9.17], p = 0.024. The difference in number of EPT taxa and exponential of Shannon
entropy was not significant between these two rivers. However, the Pinkham-Pearson similarity
index for Topo and Zuñag gave a value of 0.33, showing that the macroinvertebrate communities
that make up Topo and Zuñag are more different than similar. Topo and Pastaza had a similarity
of 0.15, showing even less overlap between the communities. Finally, Zuñag and Pastaza had a
similarity of 0.13, also showing a very low overlap.

According to the three tolerance/intolerance metrics (%EPT, BMWP/Col, and FBI), all three
rivers fell mostly within or above “good” water quality (Figure 6). A Mann-Whitney test
indicated that the BMWP/Col score for Zuñag (Mdn = 120.5) was significantly higher than that
of Topo (Mdn = 79), U = 2, p = 0.023. However, both still fell within the “Good” water quality
category. The differences between Zuñag and Topo for ASPT (for BMWP/Col), %EPT, and
Family biotic index (FBI) were not statistically significant. It is clear from the raw data that
Pastaza had poorer water quality than Zuñag and Pastaza.
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Figure 6. % EPT, BMWP/Col, and FBI for Rivers Topo, Zuñag, and Pastaza. Average score per taxon for

BMWP/Col is included on the secondary axis. See Appendix D for the score evaluation charts.
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The dominant taxon for all three rivers was Baetidae (Order Ephemeroptera). Topo had the
highest pooled percent dominant taxon, with 49% of all individuals sampled from Río Topo
being from the Baetidae family. The percent of Pastaza’s sample that was Baetidae was 42%,
and for Zuñag’s pooled samples it was 22%.

Comparison within Río Topo

# of families

In terms of the feeding ecology metrics, for percent shredders to total individuals, Zuñag
(M=5.11%, SD = 2.09%) had a significantly higher percent composition than Topo (M = 1.20%,
SD = 0.84%), t(9) = 3.95, 95 CF [1.67, 6.15], p = 0.003. There was no significant difference
between Topo and Zuñag for percent
16
scrapers to total scrapers and filterers,
however Topo had the highest pooled
14
average percentage of 65%. This is
12
followed by Zuñag with 20% and
10
Pastaza with 0%.
8
6

4
7 samples were taken along Río Topo, 3
upstream of the hydroelectric project
2
(HEP) construction and 4 downstream
0
of the hydroelectric construction. 1
-1.2
-0.8
-0.3
+4.2 +10.3 +11.6 +11.8
sample that was downstream of the HEP
Distance from HEP (km)
was also downstream of Topo Bridge.
The mean sample coverage across all
Family richness # EPT taxa Exponential of Shannon entropy
samples was 97.8% (sample deficit =
Figure 7. Family richness, # EPT taxa, and exponential of
2.2%). The samples were organized
Shannon entropy for all 7 sample sites of Río Topo.
according to their distance upstream or
downstream of the HEP along the river, with negative distances representing upstream and
positive distances representing downstream.

In terms of family richness, number of EPT taxa, and exponential of Shannon diversity (Figure
7) samples upstream and downstream of the HEP did not differ significantly. The means for
family richness, EPT taxa, and exponential of Shannon entropy across all samples were 11.0
(SD=2.24), 5.43 (SD=0.85), and 4.36 (SD=1.64), respectively. However, the Pinkham-Pearson
similarity index gave a value of 0.37, showing that the upstream and downstream communities
were more similar than different. Furthermore, when comparing among samples, the samples
were more different than similar as well (M = 0.31, SD = 0.08).
In terms of tolerance/intolerance metrics (Figure 8), %EPT, BMWP/Col, and FBI categorized the
majority of samples along Río Topo as “Good” water quality or above. For these metrics, the
upstream and downstream samples did not differ significantly. The mean %EPT was 88.8%
(SD=8.45), signifying “Very good.” The mean BMWP/Col score was 76.4 (SD = 15.9),
signifying “Good,” with a mean ASPT (BMWP/Col) of 6.94 (SD=0.488). The mean FBI was
3.11 (SD=0.303), signifying “Excellent.”
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Figure 8. %EPT, BMWP/Col, and FBI for all 7 samples of Río Topo. BMWP/Col Average score per taxon is included on the
secondary axis. See Appendix D for the score evaluation charts.

Percent dominant taxon did not differ significantly between upstream and downstream samples.
The dominant taxon for all 7 samples was from the order Ephemeroptera. For 5 out of the 7
samples the family was Baetidae and for the other 2 samples it was Leptophlebiidae. The mean
of percent dominant taxon was 51.2% (SD=16.5). In terms of feeding ecology, the percent
scrapers to total scrapers and filterers had a mean of 67.1% (SD=17.5). The metric percent
shredders to total number of individuals had a mean of 1.20% (SD=0.78).
Comparison within Río Zuñag

25

# of families

A total of 4 samples were taken from
20
River Zuñag. 1 was taken from Lou
15
River, a tributary of Río Zuñag located
10
in EcoMinga’s Río Zuñag Reserve. 2
5
samples were taken upstream of Zuñag
Bridge, and 1 just below the bridge,
0
-8.17
-3.1
-1.05
+0.02
which is located very close to El Topo.
Distance
from
Zuñag
bridge
(km)
The sample coverage across all samples
was 96.5% (sample deficit =3.5%).
Family richness # EPT taxa Exponential of Shannon entropy
Samples are expressed as distance
Figure 9. Family richness, number of EPT taxa, and exponential
along the river from the Zuñag Bridge,
of Shannon entropy across all samples of Río Zuñag.
with negative numbers representing
upstream and positive numbers representing downstream.
In terms of family richness (M = 16, SD = 3), number of EPT taxa (M=8.5, SD=1.5), and
exponential of Shannon entropy (M=6.67, SD=1.67), there was minimal variation (Figure 9).
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In terms of tolerance/intolerance metrics (Figure 10), the majority of the samples fell within or
above “Good” water quality. The mean %EPT was 74.3 (SD=19.3), signifying “Good.” The
mean BMWP/Col was 118.5 (SD=22.07), signifying “Good.” The mean FBI was 3.29
(SD=0.66), signifying “Excellent”.
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Figure 10. %EPT, BMWP/Col, and FBI for all samples of Río Zuñag. See AppendixD for the score evaluation
charts for each metric. BMWP/Col Average score per taxon is included on the secondary axis.

The mean value for percent dominant taxon was 40.2% (SD=10.2). For two samples (-8.17 km,
-1.05 km), Baetidae (Order Ephemeroptera) was the dominant taxon. For 1 sample (-3.10 km),
the dominant taxon was Leptophlebiidae (Order Ephemeroptera). The final sample, downstream
of the bridge (+0.02 km) had Simuliidae (Order Diptera) as the dominant taxon. In terms of
feeding ecology, the percent scrapers to total scrapers and filterers was 46.1% (SD=13.2). For
percent shredders to total individuals, the mean was 5.11% (SD=2.09).
Analysis of Physical and Chemical Data
Comparison of All Rivers
Physical characteristics of river depth, river width, surface velocity, average velocity, flow rate,
temperature, pH, and turbidity were taken and/or calculated for each sample site (Table 1).
Table 1. Physical and chemical characteristics of Rivers Topo, Zuñag, and Pastaza
Topo

Zuñag

Pastaza

M

SD

M

SD

Raw

Water depth (m)

0.57

0.08

0.55

0.1

0.67

River width (m)

46.04

6.61

23.81

5.99

79.42

Surface velocity (m/s)

1.12

0.26

0.95

0.38

0.57183

Avg velocity (m/s)

0.89

0.21

0.76

0.3

0.457464

Flow rate

23.33

7.69

9.25

2.79

24.34229

Temp (degrees C)

14.21

0.99

15.75

0.75

15

pH

6.21

0.25

6

0

6

Turbidity (NTU)

4.26

3.03

2.92

0

16.60728

Physical Characteristic

Note: Mean and standard deviation values for Pastaza could not be calculated because only one sample was taken.
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Río Topo was significantly wider than Río Zuñag (t(9) = -5.02, 95CI [-32.26, -12.21], p =
0.001). Additionally, Topo was significantly colder than Zuñag (t(9) = 2.43, 95CI [0.1, 2.97], p
= 0.038). Finally, there was a significant difference in flow rate, with Topo having a higher flow
rate than Zuñag (t(9) = -4.44, 95CI [-1.39, -0.45], p = 0.002).
Comparison within Río Topo
For all physical and chemical characteristics of Río Topo (Table 2), two were significantly
different between the samples upstream and downstream of the HEP. A Mann-Whitney test
indicated that the flow rate was significantly less downstream (Mdn = 19.58 m3/s) than upstream
(Mdn = 26.82 m3/s) of the HEP (U = 0, p = 0.034). Additionally, temperature was significantly
greater downstream than upstream (t(5) = -2.67, 95CI [-3.03,-0.06], p = 0.044).
Table 2. Physical and chemical characteristics upstream and downstream of the HEP
Upstream

Downstream

Physical Characteristic

M

SD

M

SD

Water depth (m)

0.6

0.08

0.55

0.08

River width (m)

46.95

6.18

45.36

6.85

Surface velocity (m/s)

1.33

0.16

0.96

0.2

Avg velocity (m/s)

1.07

0.13

0.76

0.16

Flow rate

30.06

7.14

18.28

2.42

Temp (degrees C)

13.33

0.47

14.88

0.74

pH

6.17

0.24

6.25

0.25

Turbidity (NTU)

2.92

0

5.25

3.71

Discussion
Comparison of All Three Rivers
Overall, the macroinvertebrate metrics showed that all three rivers generally have good water
quality, especially Ríos Zuñag and Topo. The data generally supported the expectation that Río
Zuñag would have the highest family richness, family diversity, and overall water quality,
followed closely by Río Topo, and less closely by Río Pastaza.
The mean sample coverages for Topo and Zuñag were 97.8% (sample deficit = 2.2%) and 96.5%
(sample deficit = 3.5%), respectively. Family richness was significantly higher for Zuñag
compared to Topo, indicating that Zuñag has more variety in its macroinvertebrate assemblage.
Furthermore, the exponential of Shannon entropy for Zuñag was greater than that of Topo. Since
the sample completeness for Zuñag was less than that of Topo, with 3.5% of the community
belonging to unsampled taxa, it is very likely that Zuñag’s family richness is even higher.
Furthermore, Pastaza had sample coverage of 99.6% (sample deficit =0.4%), confirming that its
overall family richness and diversity are lower than both Topo and Zuñag because only 0.4% of
the community belongs to unsampled taxa. According to Barbour et al. (1999), decreased taxa
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richness is a response to increased water perturbation. Similarity comparisons indicated that that
though all three rivers have similar geographic location and environmental conditions, the
macroinvertebrate assemblages are more different than similar. This is indicative of a variation in
microhabitats and microclimates, in addition to the variation in water quality.
In regards to tolerance/intolerance metrics, the BMWP/Col was more suitable than the Family
biotic index (FBI) to this sample set because it included all 27 taxa, whereas the FBI only
included 18 taxa. The BMWP/Col score for Zuñag was significantly greater than that of Topo.
However, both still fell within the “Good” water quality category, signifying “very clean to
clean” water. According to the BMWP/Col score, Pastaza fell into the “Dubious” category,
signifying “moderately contaminated waters.” According to the Family biotic index, both Topo
and Zuñag fell into the “Excellent” category, signifying that “organic pollution [is] unlikely.”
Topo had a slightly lower value (indicating higher water quality), however this was not found to
be significantly different. The FBI for Pastaza categorized the water as “Good,” signifying
“some organic pollution [is] probable.” This supports the expectation that Pastaza would have
lower water quality due to the fact that Río Pastaza flows for miles past several small cities and
towns, most of which do not have proper wastewater treatment facilities. Additionally, it has
several hydroelectric projects currently operating on it (Global Water for Sustainability Program;
Tustón-Lopez, personal communication, 2015).
%EPT categorized Pastaza and Zuñag as having “Good” water quality and Topo as having “Very
good” water quality. The pooled Topo samples likely had a much higher %EPT than Zuñag
because Topo also had very high percent dominant taxon (49%) in the order Ephemeroptera,
which is included in the %EPT metric. Though the dominant taxon of Zuñag was also in the
order Ephemeroptera, it made up a much lower percentage (22%) due to its higher taxa diversity.
High percent dominant taxon generally indicates impairment (Barbour et al., 1992), and the
dominant family in Topo was Baetidae, a family of Ephemeroptera that is generally more
tolerant of contamination than other families of Ephemeroptera. Therefore, this could be
indicative of light contamination. This is similar for Río Pastaza, which had Baetidae make up
42% of its sample.
Zuñag had a significantly higher value of percent shredders to total individuals than that of Topo,
indicating that in general Zuñag had better riparian zones, which relates to the low anthropogenic
impact on Zuñag. For percent scrapers to total scrapers and filterers, Topo had the highest value
by far, indicating a greater presence of riffle morphology to run morphology. This is most likely
due to the fact that it was too dangerous to wade very far into the river to access the run part of
the river, thus shallower riffles were more often sampled.
In terms of physical and chemical differences among the rivers, it makes sense that the width and
flow rate of Topo were significantly greater than Zuñag because it is a much bigger river.
Pastaza is bigger than both Topo and Zuñag and thus the raw data shows greater width and flow
rate. All three rivers were slightly acidic, with pH values hovering around 6. This is below the
optimal range of 6.5 to 8 (US EPA, 1997). However, pH strips were used to test and thus are
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accurate to only whole numbers, as each color is matched to one number on the pH scale. Thus,
the pH of the waters most likely ranged between 6 and 7. Furthermore, there was no observed
lack of abundance of macroinvertebrates, indicating that the pH is still optimal for thriving life.
It was tested that Topo is significantly colder than Zuñag. This could be due to the different
origins of the rivers. Furthermore, Zuñag is a much smaller river and thus can absorb and
distribute heat more so than Topo.
Based on the raw data, the sample from Pastaza had a much higher turbidity than the other two
rivers. This was obvious just by visual inspection (Figure 3). High turbidity is an indicator of
pollution because it indicates an increase in suspended solids in the water, which, in the case of
Pastaza, likely comes from a combination of untreated wastewater and several hydroelectric
projects.
Comparison within Topo
The hydroelectric project under construction is the first of its kind on Río Topo. Statistical
analyses of the macroinvertebrate metrics showed that the samples upstream and downstream of
the HEP did not differ significantly. However, the similarity index indicated that the upstream
and downstream communities are more different than similar. This signifies that the
macroinvertebrate assemblages differ. However, upon further inspection, the samples differ
greatly among themselves as well so this is dissimilarity is not unique to the
upstream/downstream comparison. Overall, the macroinvertebrate metrics showed that Río Topo
still has very high water quality that allows sensitive macroinvertebrate taxa to thrive, as
discussed above.
In terms of physical and chemical characteristics, the upstream and downstream samples differed
significantly in flow rate and temperature. This could be an early indicator of the effects of the
HEP, because the catchment structure is already built and could potentially be changing the
natural flow of the river. A change in the natural flow of the river and lower flow rate could
cause greater pooling and generally slower velocities, facilitating an increase in temperature.
Lastly, though not statistically significant, the mean turbidity was higher below the HEP.
Generally, increased turbidity is one of many consequences of hydroelectric projects (ChavesUlloa et al., 2014). However, overall, there is currently not significant impact on the majority of
Río Topo. This was expected because the HEP is not currently operational. It will be critical to
do further water quality studies in the future when the HEP is operational.
In comparison to the macroinvertebrate survey included in the Entrix and PEMAF environmental
impact study (Entrix & PEMAF, 2008), this study was incredibly more robust. The Entrix and
PEMAF study included only a total of 3 samples that totaled to 212 individuals in 26 species and
17 families. This is compared to the 7 samples, 1,303 individuals, and 21 families encountered in
Río Topo in this study. It is clear that the Entrix and PEMAF study inadequately assessed the
macroinvertebrate assemblage of Río Topo and thus has inadequate data to compare with in
future studies.
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Comparison within Zuñag
Overall, all of the macroinvertebrate metrics showed that Río Zuñag has high water quality, as
discussed previously. However, %EPT and FBI indicated that the sample below the Zuñag
Bridge had slightly lower water quality than the other samples. Furthermore, the family
Simuliidae made up 49.7% of the sample. Simuliidae is an indicator of oligotrophic (low
nutrient) water (Roldán Perez, 1996; University of Minnesota Duluth).This does not support the
fact that some untreated wastewater is emptied into this part of the Zuñag, which would cause a
eutrophic environment (high nutrient) (Yale University, 2015). Therefore, further study is
necessary.
Social Impacts on El Topo
An extensive interview with Maritza Tustón Torres (2015), the leader of the opposition
movement against the Topo Hydroelectric Project, revealed some of the social and economic
impacts the project has had on the community of El Topo, as well as on a larger scale. First of
all, the resistance movement and six-year long law suit caused social strife and distrust among
the community, as well as between governing bodies and the community. The community fought
hard, but ultimately ended up losing because they didn’t have any power over the government or
the company once it got full permits and licenses. What happened in El Topo supports Aledo et
al.’s assertion that there is generally a biased distribution of cost and benefits in hydroelectric
projects. For example, the company (Entrix and PEMAF) promised that a large number of people
from the town would work on the project, however only about 10 people from El Topo ended up
working for them for very little time and for very low wages, doing basic unskilled labor. The
only promises completed by the company were a small playground in the community, as well as
some short-term educational support in the primary school. Other communities nearby, such as
Río Negro, also worked for the company, but this community is less directly affected by the
project. The small community Azuay, which is arguably the most affected community, has
worked for the company as well. Unfortunately, there have been two worker deaths from
landslides since the commencement of the project. In addition to the exploitation of a very clean
river that brings some tourism to the area for recreational sports, the company creates noise and
traffic, bringing trucks and equipment up to the construction site through El Topo. Ultimately,
the company is privately owned and foreign, and is producing electricity from El Topo to sell
back to the state of Ecuador, allowing them to reap the benefits from the natural resources of a
country that is not their own.
Challenges and Sources of Error
Problems encountered with methodology were generally related to accessibility restrictions. The
majority of the river is inaccessible due to lack of trails and dense forest. Additional restrictions
have been added since the commencement of the construction of the HEP because much of the
river above and below the construction is inaccessible to any people outside of the company. It
would have been optimal to get samples much closer to the project, but this will be much more
crucial once the project is operational. Once an accessible part of the river was found, it was
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sometimes difficult to find optimal macroinvertebrate habitat because the banks were dominated
by boulder substrate. Furthermore, the river is large and very fast, so it was impossible to make
transects across the river to properly measure the width and depth. Another potential issue was
that I had no prior experience with the methodology and thus there was a learning curve.
Therefore, the first couple of samples could have been less thorough and accessed a lower
variety of habitats. For this same reason, there was potential for error in identification of the
macroinvertebrate taxa.
Improvements and Future Directions
One improvement upon the design of this study would include increasing the sample size. It
would be optimal to have samples consistently along Río Topo, especially close downstream of
the HEP to gain a better understanding of environmental impacts. Furthermore, it would have
been better to have more than one sample from Río Pastaza in order to perform more robust
comparisons with Topo and Zuñag, as well as have a stronger evaluation of the water quality.
Additionally, more in-depth analyses of the physical characteristics of the rivers are necessary, as
the equipment used was rather limiting in precision of data.
For Río Zuñag, it is one of the few pristine rivers in Ecuador and thus it is imperative it is kept
that way. Relatively high macroinvertebrate diversity has implications for high diversity of other
organisms as well, so further population studies should be completed in this area. Fortunately, a
large part of Zuñag is in EcoMinga’s reserve, so this pristine river will continue to be protected.
Clearly, there is great potential for further studies in this largely unstudied part of Ecuador.
Unfortunately, all of the waters of Río Topo are sold for hydroelectric development (TustónLopez, personal communication, 2015), so it is imperative that water quality monitoring
continues for this unique Ecuadorian river.
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Appendix A – Common Macroinvertebrates
Table A1. Insect and Non-Insect Macroinvertebrates
Insect Macroinvertebrates

Non-Insect Macroinvertebrates

Common name

Order

Common name

Order

stoneflies

Plecoptera

scuds

Amphipoda

damselflies and
dragonflies

Odonata

crayfish

Decapoda

True bugs

Hemiptera

water mites

Arachnida

True flies

Diptera

flat worms

Platyhelminthes

caddisflies

Trichoptera

leeches

Hirudinea

dobsonflies,
fishflies,
alderflies

Megaloptera

aquatic worms

Annelidae

aquatic moths

Lepidoptera

snails and clams

Mollusca

beetles

Coleoptera

Source: Gill, 2015.
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Appendix B – Benthic Macroinvertebrate Field Data Sheet
Topo

STREAM
Sample #

Pastaza

2

1

3

12

7

4

10

5

6

9

11

-1.2

-0.8

-0.3

4.2

10.3

11.6

11.8

-8.17

-3.1

-1.05

0.02

Cobble

60

60

60

70

60

60

65

60

60

60

50

20

Sand

20

20

20

5

20

20

15

20

20

10

0

20

Snags

10

10

10

25

10

10

15

10

10

20

40

50

6

5

5

6

5

4

5

3

4

7

3

4

2

1

3

Location (km
from HEP)
HABITAT
TYPES

Zuñag

8

Vegetated banks
Submerged
macrophytes
Other
# jabs/kicks at
each habitat

Cobble
Sand

1

Snags

4

1

Vegetated banks
Submerged
macrophytes
Other
QUALITATIVE
LISTING OF
AQUATIC
BIOTA

Periphyton

2

2

2

3

2

2

2

2

2

2

3

3

Filamentous algae

0

0

0

0

0

0

0

0

0

0

0

0

Macrophyte

1

1

1

1

1

1

1

1

1

1

1

1

Slime

0

0

0

0

0

0

0

0

0

0

0

0

Macroinvertebrate

3

3

2

3

2

2

2

3

2

3

2

3

Fish

0

0

0

0

1

0

0

0

0

0

0

0

Note: Adapted from Barbour et al., 1999
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Appendix C – Habitat Assessment Field Data Sheet
STREAM
Topo

Zuñag

29

Pastaza

2

1

3

12

7

4

10

5

6

9

11

-1.2

-0.8

-0.3

4.2

10.3

11.6

11.8

-8.17

-3.1

-1.05

0.02

Epifaunal
substrate/
available
cover

18

18

18

14

18

18

15

18

17

19

16

14

Embeddedne
ss

19

19

19

16

19

19

18

19

19

19

17

16

Velocity/dept
h regime

15

15

15

14

15

15

16

15

15

18

18

12

Sediment
deposition

15

15

15

15

15

15

15

15

15

18

17

13

Channel flow
status

14

14

14

12

14

14

12

17

14

17

17

13

Channel
alteration

19

19

19

17

19

19

13

19

19

20

13

12

Frequency of
riffles (or
bends)

18

18

18

13

18

18

15

18

18

19

13

11

Bank
stability

18

18

18

14

18

18

10

18

16

18

10

14

Vegetative
protection

20

20

16

14

20

16

18

20

16

18

16

16

Riparian
vegetative
zone width

20

20

16

14

20

12

10

20

12

18

10

12

176

176

168

143

176

164

142

179

161

184

147

133

Sample #
Location (km
from
HEP/bridge)

TOTAL
SCORE (out
of 200)

Note: Habitat characteristics are scored on a scale of 1-20. Source: (Barbour et al., 1999).
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Appendix D – Categorical Charts for Tolerance/Intolerance Indices
Table D1. BMWP/Col categorical chart with explanations
BMWP/Col
Class

Quality

BMWP/Col

Meaning

Color

I

Good

>150, 101-120

Very clean to clean
water

Blue
Green

II

Acceptable

61-100

Lightly
contaminated waters

III

Dubious

36-60

Moderately
contaminated waters

Yellow
Orange
Red

IV

Critical

16-35

Very contaminated
waters

V

Very critical

<15

Strongly
contaminated waters

Notes: Translated from Spanish. Source: Roldán Pérez G. A., 2003.
Table D2. Family biotic index categorical chart
Family biotic index
FBI

Water Quality

Degree of Organic Pollution

0.00-3.75

Excellent

Organic pollution unlikely

3.76-4.25

Very good

Possible slight organic pollution

4.26-5.00

Good

Some organic pollution probable

5.01-5.75

Fair

Fairly substantial pollution likely

5.76-6.50

Fairly poor

Substantial pollution likely

6.51-7.25

Poor

Very substantial pollution likely

7.26-10.00

Very poor

Severe organic pollution likely

Source: Hilsenhoff, 1988
Table D3. Percent EPT categorical chart
%EPT
75-100

Very good

50-74

Good

25-49

Regular

0-24

Bad

Notes: Translated from Spanish. Source: Carrera Reyes & Fierro Peralbo, 2001.

30

Vega-Perkins

31

Appendix E – GPS Waypoints of Sample Sites
Table E1. GPS Waypoints of Río Topo Sample Sites
Topo
km from
HEP

-1.2

-0.8

-0.3

+4.2

+10.3

+11.6

+11.8

Sample #

2

1

3

12

7

4

10

Latitude

-1.352981°

-1.356116°

-1.360395°

-1.374362°

-1.406446°

-1.410306°

-1.411149°

Longitude

-78.207096°

-78.207996°

-78.208966°

-78.222336°

-78.200679°

-78.191851°

-78.191220°

Table E2. GPS Waypoints of Ríos Zuñag and Pastaza sample sites and the hydroelectric project
Zuñag

Pastaza

HEP

km from
bridge

-8.17

-3.1

-1.05

+0.02

Sample #

5

6

9

11

Latitude

-1.376519°

-1.396639°

-1.401876°

-1.410831°

-1.411464°

-1.360564°

Longitude

-78.154856°

-78.175231°

-78.187076°

-78.189396°

-78.188171°

-78.211460°
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Appendix F – Maps of Sample Sites

Figure F1. Top: Map of all sample sites on Ríos Topo, Zuñag, and Pastaza. Botton: Zoomed-in map
of samples near El Topo. Source: (Google Inc., 2015)
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Appendix G – All Taxa
Table F1. Total number of individuals, BMWP/Col score, FBI score, and functional feeding
groups by order and family
Taxa

Topo

Zuñag

Pastaza

BMW
P/Col
Score

FBI
Score

FFG
1

FFG
2

FFG
3

FFG
reference

Basommatophora

1

0

0

5

Planorbidae

1

0

0

5

Coleoptera

14

28

6

32

Elmidae

8

6

1

6

Lutrochidae

3

1

5

6

Sh

Ramírez,
2014

Psephenidae

3

13

0

10

4 Sc

Ramírez,
2014

Ptilodactylidae

0

8

0

10

Sh

Ramírez,
2014

122

233

209

31

Blephariceridae

37

4

0

10

0 Sc

Ramírez,
2014

Ceratopogonida

1

1

0

3

6 Pr

CG

Sc

Ramírez,
2014

Chironomidae

38

55

209

2

8 CG

Ft

Pr

Ramírez,
2014

Simuliidae

38

171

0

8

6 Ft

Sc

Pr

Ramírez,
2014

Tabanidae

3

0

0

5

6 Pr

Tipulidae

5

2

0

3

3 Sh

1008

418

326

23

643

184

234

7

4 CG

Leptohyphidae*

43

58

46

7

CG

Ramírez,
2014

Leptophlebiidae

322

176

46

9

2 CG

Ramírez,
2014

3

2

8

1

3

2

8

1

Diptera

Sc

Barbour et
al., 1999

8
4 CG

Sc

Sh

29

e

Ephemeroptera
Baetidae

Haplotaxida
Tubificidae

Ramírez,
2014

Ramírez,
2014
CG

Ramírez,
2014

Sc

Ramírez,
2014

6

GC

Barbour et
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al., 1999
Megaloptera

4

5

0

6

0

4

5

0

6

0 Pr

Ramírez,
2014

0

1

0

10

0

1

0

10

Pr

Ramírez,
2014

Plecoptera

119

39

1

10

1

Perlidae

119

39

1

10

1 Pr

Ramírez,
2014

Trichoptera

27

100

9

68

Calamoceratidae

0

4

0

10

Sh

Ramírez,
2014

Glossosomatidae

0

4

0

7

0 Sc

Ramírez,
2014

Helicopsychidae

1

12

0

8

3 Sc

Ramírez,
2014

Hydrobiosidae

4

7

0

9

Pr

Ramírez,
2014

20

50

9

7

4 Ft

Pr

Sc

Ramírez,
2014

Leptoceridae

2

15

0

8

4 CG

Ft

Sh

Ramírez,
2014

Odonticeridae

0

1

0

10

0 Sh

Ramírez,
2014

Philopotamidae

0

7

0

9

3 Ft

Ramírez,
2014

5

9

0

7

5

9

0

7

1303

835

559

Corydalidae
Odonata
Polythoridae

Hydropsychidae

Tricladida
Planariidae
Total

14

Om

Barbour et
al., 1999

Note: Leptohyphidae was formerly Tricorythidae (University of Michigan, 2014; Valley City
State University)

